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Total phenolic contentThe aim of present work was to assess the total phenolic content (TPC), total ﬂavonoid content (TFC), phenolic
compounds and antioxidant properties of various extracts of three Ceropegia spp.: Ceropegia spiralis, Ceropegia
panchganiensis and Ceropegia evansii from Western Ghats of India. TPC of the samples varied from 0.3 ± 0.2 to
28.5 ± 0.3 mg TAE/g FW, whereas, TFC of the samples ranged between 0.1 ± 0.1 and 15.3 ± 0.3 mg RE/g FW.
The major phenolic compounds identiﬁed were gallic acid, vanillin, cathechol and ferulic acid. All the extracts
possess 1,1-diphenyl-2-picryl hydrazyl (DPPH) radical scavenging activity, ferric reducing antioxidant power
(FRAP) as well as metal chelating ability and this was also supported by signiﬁcant correlation with TPC and
TFC. To the best of our knowledge, this is the ﬁrst paper presenting comprehensive data on TPC, TFC, phenolic
proﬁle and antioxidant properties of the Ceropegia spp.
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
Ceropegia L. (family — Asclepiadaceae) is one of the largest genus
with more than 200 species distributed in tropical and sub-tropical re-
gions of the world (Bruyns, 2003). The maximum diversity of Ceropegia
occurs in South Africa followed by Kenya, Madagascar, and India
(Murthy et al., 2012). The genus is represented by about 50 spp. in
India of which 35 spp. exist alone in the Western Ghats, a mega-
biodiversity center (Karthikeyan et al., 2009). Ceropegias are highly-
prized for their edible tubers, medicinal implications, and its ornamen-
tal ﬂowers. The sweet-sour leaves are edible and are considered to be
tonic and digestive. The nutritional importance of the Ceropegia spp. is
due to the presence of starch, sugars, gum, albuminoids, carbohydrates,
fats, and crude ﬁber (Mabberly, 1987; Jain and Deﬁllips, 1991). Many
species has been utilized in Indian traditional medicines. Cerpegin
(1,1-dimethylfuro [3, 4-C] pyridine-3, 4(1H, 5H)-dione), a pyridine
alkaloid present in the root tubers and stem, was isolated from many
Ceropegia species (Nadkarni, 1976; Adibatti et al., 1991). It exhibited
promising hepatoprotective, antipyretic, anti-ulcer, analgesic, mast-
cell stabilizing, tranquilizing, and hypotensive activities (Nadkarni,
1976; Sukumar et al., 1995). The tubers of many Ceropegia species are
used by tribal women to promote fertility and vitality and also used inashavantrao Chavan Institute
2162234392 (Ofﬁce), +91
y Elsevier B.V. All rights reserved.the treatment of diarrhea and dysentery, and treatment of urinary blad-
der stones (Khare, 2007; Swarnkar and Katewa, 2008).
The consumption ofwild edible plants is increasing in both domestic
and international markets due to growing recognition of its value to
human health. These represent an opportunity for local communities
to gain access to special markets where consumers appreciate the strik-
ing character of such products and the presence of bioactive compounds
capable of preventing various diseases (Nascimento et al., 2011). In
recent years, wide varieties of wild edibles with beneﬁcial health effects
have been developed and marketed (Nebel et al., 2006; Nascimento
et al., 2011). In spite of consumption of Ceropegias by local communities
in Western Ghats, no such information on the nutritional value and
bioactive constituents of Ceropegia spp. is currently available. This
study investigated the total phenolics, ﬂavonoids, phenolic compounds
and antioxidant properties of three commonly used Ceropegia spp. from
Western Ghats of India. The relationships of TPC and TFC with antioxi-
dant capacities were also assayed.
2. Materials and methods
2.1. Plant material and preparation of extracts
Plant materials of three Ceropegia species were obtained from differ-
ent localities of Western Ghats of India (Ceropegia spiralis— Gokak local-
ity, GPS: N16° 10′ E74° 49′; Ceropegia panchganiensis — Mahabaleshwar
locality, GPS: N17° 56′ E73° 42′; Ceropegia evansii—Marleshwar locality,
GPS: N17° 04′ E73° 44′). Specimens were authentically identiﬁed and
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pur (C. spiralis: Voch. No. SSK-CS 07; C. panchganiensis: Voch. No. SSK-CP
03 and C. evansii: Voch. No. SSK-CE 05). Different organs such as tuber,
stem and leaves were separated, washed and cleaned with tissue towel,
and were used for screening. One gram of fresh material was pulverised
in a mortar and extracted with 25 mL of solvent (methanol, ethanol, ace-
tone or water). The contents were mixed on orbital shaker (REMI, India)
with constant stirring at 150 rpm for 24 h and centrifuged at 10,000 rpm
for 10 min. The supernatantwas collected and ﬁltered throughWhatman
ﬁlter paper (No. 1) and was used for further screening. All the chemicals
used were of highest analytical grades.
2.2. Total phenolic content (TPC)
The total phenolic contents (TPC) of various extracts of Ceropegia
spp. were determined by the Folin–Ciocalteau method developed by
Singleton and Rossi (1965). Brieﬂy, 0.125 ml of extract was mixed
with 1.8 ml of Folin–Ciocalteu reagent (10 fold diluted) and kept for
6 min at 25 °C. Later 1.2 ml of 15 % Na2CO3 was added to the reaction
mixture and kept for 90 min at RT. The absorbance was measured at
765 nm. A calibration curve was performed for standard tannic acid
(R2 = 0.999) and the results were expressed as milligram of tannic
acid equivalents/gram fresh weight i.e. mg TAE/g FW.
2.3. Total ﬂavonoid content (TFC)
Determination of total ﬂavonoid content (TFC) was performed using
the AlCl3 colorimetric method (Chang et al., 2002). Quantiﬁcation
was expressed by reporting the absorbance in the calibration graph
of rutin, which was used as the ﬂavonoid standard (R2 = 0.998).
Results expressed as milligram of rutin equivalents/gram fresh weight
i.e. mg RE/g FW.
2.4. Identiﬁcation and quantiﬁcation of the phenolic compounds by RP-HPLC
The analysis of phenolic compounds from leaves of Ceropegia spp.
was carried out by adopting the method developed by Chavan et al.
(2013a) using a WATERS liquid chromatography (Model no. HPLC-
W6590) equipped with Waters 717 plus auto sampler and Waters
2487 photodiode array detector. Separation was achieved on a reverse
phase C-18 column (Princeton SPHER, 5 μm, 3.9 mm × 150 mm). The
mobile phase was acetonitrile: water (84:16, v/v) at a ﬂow rate of
1.0 mL min−1, the injection volume was set to 20 μL and the column
was retained at room temperature. Individual phenolic compounds
were identiﬁed at 280 nm by the retention time of sample chromato-
graphic peaks being compared with those of authentic standards using
the same operating conditions.
2.5. Antioxidant properties
2.5.1. DPPH radical scavenging activity
The DPPH (1,1-diphenyl-1-picrylhydrazyl) free radical scavenging
activity of the extracts was determined essentially as described by
Brand-Williams et al. (1995). The DPPH scavenging ability as percent-
age was calculated as:
DPPH scavenging ability ¼ Acontrol–Asample=Acontrol
 
 100:
2.5.2. Antioxidant capacity using FRAP assay
The determination of ferric reducing antioxidant power of the
extracts was performed as described by Benzie and Strain (1996).
Absorbance of the blue coloured mixture was measured at 593 nm.
The FRAP values were determined as optical density readings. Higher
optical density indicates the higher reducing power.2.5.3. Antioxidant capacity using metal chelating assay
The chelating of ferrous ions from tuber, stem, and leaf extracts was
estimated by the method described by Dinis et al. (1994) and modiﬁed
by Chavan et al. (2013b). The percentage of ion chelationwas calculated
by using the equation:
% Chelation ¼ AC–ASð Þ=AC½   100
where AC is the absorbance of control and AS is the absorbance of solu-
tion containing sample extracts.
2.6. Statistical analysis
The statistical analysis was carried out using the GraphPad Instat
software (GraphPad Software, Inc., USA). The determination was re-
peated at least three times for each sample solution.
3. Result and discussion
3.1. Total phenolic and ﬂavonoid content
The total phenolic content is given in Table 1. The TPC in the extracts
of three Ceropegia spp. examined in this study ranged from 0.3 ±
0.2 mg TAE/g FW to 28.5 ± 0.3 mg TAE/g FW (Table 1). The results
revealed a considerable diversity in the TPC among the various extracts
investigated in the present study. The highest TPC was found in
methanolic leaf extract of C. panchganiensis (28.5 ± 0.3 mg TAE/g FW)
followed by acetone leaf extract of C. evansii (17.8 ± 0.3 mg TAE/g FW)
and methanolic leaf extract of C. spiralis (17.6 ± 0.5 mg TAE/g FW).
The concentration of total phenols in aqueous tuber and stem extracts
of C. evansii were about 15–18 fold lower than those of acetone leaf ex-
tract. In recent studies, it has been reported that the yield of TPC was
highest in methanol extract of pomegranate (Negi et al., 2002). In the
present study, TPC varied among the solvent system, various parts and
species analyzed. Similarly, cultivar dependent TPC variation was previ-
ously reported for other Asclepiadaceae members, Calotropis procera
and Gomphocarpus sinaicus (Alali et al., 2007).
The results obtained in the quantitative analysis of ﬂavonoids are
presented in Table 1. The amounts of TFC in different extracts varied
widely, ranging from 0.1 ± 0.1 to 15.3 ± 0.3 mg RE/g FW. The results
revealed that higher level of ﬂavonoids was observed in ethanolic leaf
extract of C. panchganiensis (15.3 ± 0.3 mg RE/g FW) followed by ace-
tone leaf extract of C. evansii (11.7 ± 0.6 mg RE/g FW) and ethanolic
leaf extract ofC. spiralis (11.4 ± 1.0 mgRE/g FW). However, in C. evansii
aqueous tuber extract registered much lower amounts of ﬂavonoids
(0.1 ± 0.1 mg RE/g FW). In terms of different tissues, the TPC and TFC
were higher in the leaves than that in the tubers and stems. Moreover,
cultivar/species dependent ﬂuctuation in phenolic and ﬂavonoid con-
tent has been reported in twenty four ﬂowering plants (Amoo et al.,
2012).
3.2. RP-HPLC analysis of phenolic compounds
Phenolic compounds are secondarymetabolites in plants which play
an important role in human health and nutrition. Moreover, some of
them present in natural products have higher antioxidant activities
than those of synthetic antioxidants (Lu and Foo, 2000). Leaves of all
three Ceropegia spp. showed the highest total phenolic content, hence
considered for RP-HPLC analysis. The major peaks were identiﬁed by
comparison with authentic standards (Fig. 1A). The major phenolic
compounds identiﬁed in the leaves of three Ceropegia spp. were gallic
acid, vanillin, cathechol and ferulic acid (Fig. 1B–D). All three Ceropegia
spp. showed almost identical phenolic proﬁle except Cathechol replac-
ing the vanillin in C. evansii. Gallic acid is the major phenolic compound
identiﬁed with its highest concentration in all three species compared
to other phenolic compounds. Maximum amount of gallic acid has
Table 1
Total phenolic and ﬂavonoid content in various extracts of Ceropegia spp.
Sr. no. Plant part Solvent Total phenolic content (mg TAE/g FW)a Total ﬂavonoid content (mg RE/g FW)b
C. spiralis C. panchganiensis C. evansii C. spiralis C. panchganiensis C. evansii
1 Tuber Methanol 6.1 ± 1.2 4.4 ± 1.1 4.8 ± 0.6 2.3 ± 0.2 1.0 ± 1.0 2.4 ± 0.2
2 Ethanol 4.2 ± 1.1 3.8 ± 0.3 2.8 ± 0.2 3.0 ± 0.2 2.3 ± 0.4 1.9 ± 0.4
3 Acetone 2.3 ± 0.5 4.1 ± 0.3 7.5 ± 0.3 1.1 ± 0.1 1.0 ± 0.3 3.7 ± 0.3
4 Water 3.0 ± 0.3 2.2 ± 0.2 0.4 ± 0.5 1.0 ± 0.5 1.0 ± 0.4 0.1 ± 0.1
5 Stem Methanol 10.3 ± 0.6 9.9 ± 0.4 5.9 ± 0.4 3.4 ± 0.4 1.8 ± 1.1 2.3 ± 0.8
6 Ethanol 7.6 ± 1.0 4.2 ± 0.5 4.7 ± 1.3 6.9 ± 0.4 4.3 ± 0.2 1.8 ± 0.5
7 Acetone 2.3 ± 0.4 4.7 ± 0.6 10.5 ± 1.1 1.1 ± 0.4 1.6 ± 0.3 7.3 ± 1.0
8 Water 3.3 ± 0.4 2.6 ± 0.6 0.3 ± 0.2 1.6 ± 0.7 0.9 ± 0.5 0.2 ± 1.4
9 Leaf Methanol 17.6 ± 0.5 28.5 ± 0.3 7.7 ± 0.4 8.5 ± 1.1 10.7 ± 0.7 4.8 ± 0.9
10 Ethanol 12.2 ± 1.1 18.0 ± 1.7 4.7 ± 0.3 11.4 ± 1.0 15.3 ± 0.3 3.3 ± 0.3
11 Acetone 4.6 ± 0.9 17.9 ± 0.9 17.8 ± 0.3 2.7 ± 0.3 12.9 ± 0.3 11.7 ± 0.6
12 Water 6.3 ± 0.4 4.0 ± 0.8 1.3 ± 0.3 2.2 ± 0.6 1.3 ± 0.3 0.2 ± 0.2
a Measurements are mean ± SE of three parallel determinations and expressed as tannic acid equivalent per gram fresh weight.
b Measurements are mean ± SE of three parallel determinations and expressed as rutin equivalent per gram fresh weight.
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by C. spiralis (54.70 ppm) and C. evansii (15.40 ppm). Gallic acid has
several pharmacological properties and recently it shows strong anti-
cancer efﬁcacy against human prostate cancer cells (Ji et al., 2009). In
the present study, the leaves of C. spiralis and C. panchganiensis showed
the presence of vanillin and cathechol, two bioactive and ﬂavouring
agents. Vanillin is a common phenolic compound found in Chinese
herbs or roots used as medicine (Zheng and Wang, 2001). Ferulic acid
is a ubiquitous plant constituent that arises from themetabolismof phe-
nylalanine and tyrosine and it has antioxidant potential (Graf, 1992).
3.3. Antioxidant properties
Various extracts of tuber, stem and leaves of three Ceropegia spp.
had good free-radical scavenging, ferric reducing antioxidant power
and metal chelating abilities (Fig. 2A–C). Among the three species,
ethanolic leaf extracts of C. spiralis had the highest DPPH free radical
scavenging activity (77 ± 1.5%) followed bymethanolic leaf extractsGA: 59.19 ppm
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Fig. 1. RP-HPLC chromatograms of leaf extracts of Ceropegia spp. A: Standard phenolicofC. panchganiensis (69 ± 3.6%) andmethanolic tuber extract ofC. evansii
(67 ± 1.5%), whereas, aqueous stem extract of C. spiralis had the lowest
DPPH free radical scavenging activity (04 ± 1.1%) (Fig. 2A). Antioxidant
capacity of the various extracts of three Ceropegia spp. determined by
FRAP assay is presented in Fig. 2B. The FRAP values in Ceropegia spp.
ranged from 0.04 ± 0.01 to 1.090 ± 0.01 O.D. (optical density). The
highest reducing activity was recorded for methanolic leaf extract of
C. panchganiensis (O.D.: 1.090 ± 0.01), followed by methanolic leaf ex-
tract ofC. evansii (0.965 ± 0.01) andmethanolic tuber extract of C. spiralis
(O.D.: 0.833 ± 0.08).
As shown in Fig. 2C, the methanolic tuber extract of all three
Ceropegia spp. showed a better chelating effect with 62 ± 2.3, 64 ±0.7
and 57 ± 2.6% for C. spiralis, C. panchganiensis and C. evansii respectively.
In this study, metal chelating ability of various extracts has been signiﬁ-
cantly affected by the solvent system. Similar observations were made
in the Helicteres isora and Ceiba pentandra (Loganayaki et al., 2011).
In the present investigation, the results of total phenolic content,
total ﬂavonoid content and antioxidant properties are plant part,GA: 15.40 ppm
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Fig. 2. Antioxidant activities of various extracts of Ceropegia spp. A: DPPH assay, B: FRAP assay, and C: Metal chelating assay.
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the ﬂuctuation in the total phenolics, ﬂavonoids and antioxidant
properties of Carissa carandus and Eleagnus conferta were solvent and
plant part dependent. Moreover, Amoo et al. (2012) also reported the
species/cultivar dependent variation in twenty four medicinal plants.3.4. Correlation between TPC, TFC and antioxidant activities
Correlation coefﬁcients for TPC and TFC with the DPPH assay, FRAP
assay and Metal chelating assay are shown in Table 2. These resultsTable 2
Correlation coefﬁcient among total phenolics, ﬂavonoids and antioxidant activities.
DPPH method FRAP method Metal chelating method
Total phenolics 0.9610 0.7820 0.8980
Total ﬂavonoids 0.4120 0.3540 0.3782show that TPC signiﬁcantly correlated with antioxidant activities
(R2 N 0.7820). However, ﬂavonoids contributed not much to the an-
tioxidant activities; hence the correlation coefﬁcients were relatively
low (R2 N 0.3540).4. Conclusion
All the extracts obtained from the Ceropegia spp. studied here
showed phenolics, ﬂavonoids and antioxidant capacity, although with
different efﬁciencies. The leaf and tuber extracts of the Ceropegia spp.
had high phenolic, ﬂavonoid contents and antioxidant capacity.
Gallic acid, vanillin, cathechol and ferulic acids were the major phe-
nolic compounds in leaves of Ceropegia spp. The results showed that
Ceropegia spp. are good source of phytochemicals including phenolic
compounds and offer opportunities for development of value-added
products, nutraceutical and food applications to enhance health
beneﬁts.
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